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H ^ ad; ^ system and me.hod is 
r V,ded '°' ,hc Ca * ,u ' e ° f upon 

rine 2 , ^ ^ ™ c 
nng is placed m thet of a fi 

Piling member. The aperture mesh • 
nng .has a center clearance area thai . allows 
■he penetrating, member to pierce ihc' skin ' 
unobstructed. The aperture mesh ring may 
contain a series of fluid sampling meshes as 
to allow the release bodily fluid to "wick" 
■mo the fluid sampling meshes for transport to 
, Scn5 °'- The invention may also 

flcm through a membrane mesh structure for 
the transportation of bodily fluids from a point 
of samplmg lo a point of measurement. 
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METHOD AND APPARATUS FOR IMPROVING FLUID1C FLOW 

AND SAMPLE CAPTURE 

* 

BACKGROUND OF THE INVENTION 
field of the Invention 

The invention relates to the collection of body fluid and specifically, the transfer 
of fluid from the tissue to a sampling device. 

■ 

* * 

Description of Related Art 

, - ■ » ■ 

Treatment of diabetes requires frequent monitoring of levels of blood glucose, 

• • • ■ * 

This is traditionally done in a scries of steps involving the preparation of a lancing device, 
preparation of a glucose meter, lancing a finger, transporting the resulting blood drop to 
the meter, and finally obtaining a blood glucose reading. 

Lancing devices are known in the medical health-care products industry for . 
piercing the skin to produce blood for analysis. Biochemical analysis of blood samples is 
a diagnostic tool for determining clinical information. .Many point-of-care tests are 
performed using capillary whole blood; the most common.being monitoring diabetic 
blood glucose level. Other uses for this method include the analysis of oxygen and 
Coagulation based on Prothrombin time measurement. Typically, a drop of blood fox Ihis 
type of analysis is obtained by making a small incision in the fingertip, creating a small 
wound, which generates a small blood droplet on the surface of the skin. 

Early methods of lancing included piercing or slicing the skin with a needle or 
razor. Current methods utilize lancing devices that contain a multitude of spring, cam and 
mass actuators to drive the lancet. These include cantilever springs, diaphragms, coil 
springs, as well as gravity plumbs used to drive the lancet. Typically, the device is pre- 
cocked or the user cocks the device. The device is held against the skin and mechanically 
triggers the ballistic launch of the lancet. The forward movement and depth of skin 
penetration of the lancet is determined by a mechanical stop and/or dampening, as well as 
a spring or cam to retract the lancet. Spontaneous blood droplet generation is dependent 
on reaching the blood capillaries and venuoles, which yield the blood sample. 
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As lancing devices have becon.e m0 re advanced, so they have becW 

SUMMARY OF THE INVENTION 

OTbodmnm^lbepe^nltavMi^ «» WI be me, b» 

■ penetsatiosi device (o a penelrating mejaber into (issue sampje the body fluid d 

15 vnions lechnjows lo draw body n,„H .. ™»8e. rbe mvepton uses 
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In one embodiment, the present invention produces a concept of a capillary need . 
for the blood to travel directly from Ihe wound to the sensor port on the cartridge. Thus 
the volume of blood produced at the wound site irregardless of its droplet geometry can 
be completely transported to the analyte detecting member. 
5 In anolher embodiment, the present invention relates to a method of improving the 

fluidic flow through a membranemesh structure for ^.transportation of bodily fluids 
from a point of sampling to a point of measurement. The use of wickmg stnjrtures to 
: introduce fluids from. a surface source to either a fluid transport mechanism or 
measurement has been used for many years. However, this invention deals with a method 
1 0. to improve the fluid transport by decreasing the time required for transport. The method 
involves the proper alignment and selection of materials relate to surface energy; 
• . in yet am)fter embodiment, thp present myention relates to the integration of an 
adhesive onto and within a mesh membrane for defining a fluid channel within the mesh 
■ membrane structure. In this embodiment, the adhesive is hydrophobic and upon 
5 integration into the mesh, it will prohibit fluidic flow where flow is not desirable by 
design. The invention relates to the integration of an adhesive onto and within a mesh , 
membrane for defining a fluid channel within' the mesh membrane structure. The adhesive 
is hydrophobic and upon integration into the mesh, it will prohibit fluidic flow where 

flow is not desirable by design. 
10 In another embodiment, the present invention relates to the integration of a mesh 

membrane sample and capture structure with a capillary transport to insure stable 
glucometric measurement. The structure is fundamental to an integrated sample capture, 
transport, and measurement device for reliable and accurate performance with very small 
•sample volumes. 

25 In a still further embodiment, the present invention relates to the integration of 

hydrophobic and hydrophilic adhesives onto and within a mesh membrane for the 
enhancement of fluidic capture and transport flow. The developed surface energy 
properties of specific adhesive formulations has allowed Ihe availability of extreme 
hydrophobic and hydrophilic properties and various viscosities as to promote absorption 

30 into the pores of the mesh membranes. Through proper mixing by design, the masking of 
mesh membranes has been obtainable with pressure sensitive adhesives along with fluid 
attractive properties to direct optimal fluid capture, transport, and flow. 
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* ma,e, tal, wherein ca P IwaI ) r stracftHe brings the fluid to the sensory material . 
.5 ^^^^^^^^ I.eae^n 

may be mmMci m . phM% tf ^ A ptalj|y ^ ^ ~, 

associated erith each penetrating member. Hie wickihg material may optionally htrve a 

ootepn^ aPETfihn hyd^ m fc W ^ 

inner Jluidic channej region is a sandwich structure of top PET fijui / fluidio mesh 

T" mesh ^ 

»e hydrophrhe. A phnaht, of wishing Mte , my „ e ^..^ 

-™ around the bridge, with a, fcasf . winking m^nhe, fon.aoh 

penelraung member m the cartridge. 

- P- ded for „ ing ^ leve]s in , be body fluid ^ ^ comp ™ m 
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housing having a transparent window; a cartridge in said housing; a plurality of 
penetrating member in the cartridge; a sensory material on a first side of the cartridge, the 
sensory material sufficient for detecting at least one analyte; and a wicking material 
positioned to substantially surround a penetrating member exit so as to acquire body fluid 
flowing from a wound created by the penetrating member. A wicking member may be 
coupled to each of the analyte detecting member and positioned to extend over at least a 
portion of a penetrating member exit chamber on the cartridge. 

In yet another embodiment of the present invention, a device may be provided 
comprising a mesh membrane; an adhesive integrated onto and within the mesh 
membrane for defining a fluid channel within the mesh membrane structure, wherein the 
adhesive is hydrophobic. and upon integration into the mesh, will prohibit fluidic flow 
where flow is not desirable by design. The adhesive may integrate onto and within a 

r 

mesh membrane for defining a fluid channel within the mesh membrane structure. 

In yet another embodiment of the present invention, a device may provided 
comprising a mesh membrane; hydrophobic and hydrophilic adhesives within the mesh 

membrane for the enhancement of fluidic. capture and transport flow, wherein the 

■ 

developed surface energy properties of specific adhesive formulations has allowed the 
availability of extreme hydrophobic and hydrophilic properties and various viscosities as 
to promote absorption into the pores of the mesh membranes, creating pressure sensitive; 
adhesives along with fluid attractive properties to direct optimal fluid capture, transport, 
and flow. 

In yet another embodiment of the present invention, an actuation device may be 
provided comprising a combined lancing and blood sample analysis device in a single 
disposable cartridge, wherein the cartridge does not have conducive leads and includes a 
wicking material surrounding a penetrating member exit. 

In yet another embodiment of the present invention, a method may be provided 
comprising providing a fluid sampling device comprising a cartridge, at least one 
penetrating member mounted on the cartridge, and a wicking material positioned to 

* 

* 

substantially surround at least one penetrating member exit on the cartridge so as to 
acquire bod£fluid flowing from a wound on the patient created by actuating the 
penetrating member. The method may involve positioning the cartridge so that launching 
the penetrating member creates a wound on the patient which expresses body fluid and 
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membermayconiDri^ofni,^ . ThewjcJung 

y compnse of a hydrophmc portaon and a hydrophobic portion. 
A fiirther understanding of the nature and advantages of ih ■ 
apparent by reference .others - 'heinventon will becom, 
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BRIEF DESCRIPTION OP THE DRAWINGS 

» .eetricpenetrating member driver using a coiled ^ 

figure 2A illustrates a displacement over time profile of a nen ^ 
10 ^enbyaWonicspring/^^^ ^ 

Figure 2B illustrates the velocity over time nrofil^ ^ 
• byaharmonJespring/masssystem. ? * * 

Figure 2C illustrates a displacement over time profile of an 
controllable force driver. " embod,me »l of a 
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figure 7 is aperspective view of one embodiment with mesh on ■ 
Figure 8 is a view showing a penetrating member diameter 
figure 9 shows one embodiment of the invention with a mesh with 
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Figure 13 shows one method of manufacturing a sample capture device. 
Figures 14 through 1 6 show other configurations of a device according to the 

• • ■ 

present invention. ■ ' 

Figure 17 shows one method of manufacturing a sample capture device. 
Figure 18 through 21 show configurations ofsample capture devices. 



DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
It is to be understood that both the foregoing general description and the following 

• detailed description are exemplary and explanatory only and are not restrictive of the 
) invention, as claimed. It may be noted that, as used in the specification and the appended 

claims, the singular forms "a", "an" and "the" include plural referents unless the context 
clearly dictates otherwise. Thus, for example, reference to "a material" may include 
mixtures of materials, reference to "a chamber" may include multiple chambers, and the 
'like. References cited herein arehereby incorporated by reference in their entirety, except 
,5 to the extent thai they conflict with teacMngs explicitly set form in this specificalion. 

In this specification and in the claims which follow, reference will be made to a , 
. number of terms which shall be defined to have the following meanings: 

"Optional" or "optionally" means that the subsequently described circumstance 
may or may not occur, so that the description includes instances where the circumstance 
20 occurs and instances where it does not. For example, if a device optionally contains a 

feature for analyzing a blood sample, this means that the analysis feature may or may not 
• be present, and, thus, the description includes stxuctures wherein a device possesses the 
analysis feature and structures wherein the analysis feature is not present. 

The present invention may be used with a variety of different penetrating member 

25 drivers. It is contemplated that these penetrating member drivers may be spring based, 
solenoid based, magnetic driver based, nanomuscle based, or based on any other 

mechanism usetul in moving a penetrating member along a path into tissue. It should be 
. noted that the present invention is not limited by the type of driver used withthe 
penetrating member feed mechanism. One suitable penetrating member driver for use 
30 with the present invention is shown in Figure 1 . This is an embodiment of a solenoid type 

• electromagnetic driver that is capable of driving an iron core or slug mounted to the 
penetrating member assembly using a direct current (DC) power supply, lire 
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elec^agnetic driver.incJudcs a driver coi] pack that is divided into three separate coils 

•s alternated to the coils to advance and retract the pelting member: Although the 
dnver coil pack is shown with three coils, any suitable nnmber of coils may be used for 
5 example, 4, 5, 6, 7 or more coils may be used. ? 
. Referring to the embodiment of Figure 1, the stationary i ro „ hoilsiDg JOmay 
contam the driver coil pack W ith a first coil 12 flankedbyiron spacers 14 which 
concentrate the magnetic flux at the inner diameter creating magnetic poles. The inner 

10 andpro^desasmoothjowfiictionguidesurface. The penetrating member guide 22 
iwther.cente,the P enetratingmemberl 8 andironcore20. Hie penetrating member 18 
as protracted and retracted by alternating the current between the firs, coil ,2, the middle 
con, and the third coil to attract the iron core 20, Reversing the coil sequence and 
ate ^~reandP<*e^ 

member. ^l»^-«te i rf fc2 24to«n M i.^ fc ^ j ^ aiw2d 
mounted to the penetrating member 18: 

• * 

- As d iscussed abovej ^ mvMlm devices which employ spring or cam • 
dnvmg methods have a symmetrical or nearly symmetrical actuation displacement and 
velocrry profiles on the advancement and retraction of the penetrating member as shown 
» Frgures 2 and 3. , n m0 st of the available penetrating member devices, once Ore launch 
is rnmated, the stored energy determines the velocity profile nntil the energy is dissipated. 
Controlhng rmpact, retraction velocity, and dwell time of the penetrating member within 
the trssue can be useful in order to achieve a high success rate while accommodating 
matrons in skin properties and minimize pain. Advantages can be achieved by taking 
^account of the fact that tissue dwell time is related to the amount of skin deformation 
as thepenetratingmembertries to puncture the surface of the skin and variance in skin 
deformahon from patient to patient based oh skin hydration. 

In this embodiment, the ability ,0 control velocity and depth of penetration may be 
acmeved by use of a controllable force driver where feedback is an integral part of driver 
control. Such drivers can control either metal or polymeric penetrating members or any 
other type of tissue penetration element The dynamic control of such a driver is 
illustrated in Figure. 2C which illustrates an embodiment of a controlled displacement 
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profile and Figure 2D which illustrates an embodiment of a the controlled velocity 
profile These are compared to Figures 2A and 2B, which illustrate embodiments of . 
displacement and velocity profiles, respectively, of a harmonic spring/mass powered 
driver Reduced pain can be achieved by using impact velocities of greater than about2. . 
m/semryofaussuepenetr^^ , 
Other suitable embodiments of the penetrating member driver are described in commonly 
assigned, copending U.S.Patent Application Se, No. 10/127,395, (Attorney Docket s. 
381 87-2551) filed April 19, 20M and previously incorporated herein. 
• RgureSaiustmtestheoperafionbfafeedbackloopu^ 
j processor 60 stores profiles 62 in nonvolatile memory: A user inputs information 64 . 
about the desired circumstances or parameters for a lancing event. The processor. 60 
selects a driver profile 62 from a set of alternative driver profiles that have been 
preprogrammed in the processor 60 based on typical or desired tissue penetration devrce 
performance determined through testing at the factory or as programmed in by the 
5 operator. The processor 60 may customize by either scaling or modifying the profile 
based on additional user input.information 64. Once the processor has chosen and ; 
customized the profile, the processor 60 is ready to modulate the power from the power^ 
supply 66 to the penetrating member driver 68 through an amplifier 70. The processor 60 
m ay measure the location of the penetrating member 72 using a position sensmg 
l0 mechanism 74 through an analog to digital converter 76 linear encoder or other such 
transducer. Examples of position sensing mechanisms have been descnbed m the 
embodiments above and may be found in the specification for commonly ass.gned, 
copendingU.SPatentApplicationSer.No. 10/127,395, (Attorney Docket No. 38187- 
2551)filedAprai9,2002andpreviomlyincorporatedherein. The processor 60 
25 calculates the movement of the penetraung member by comparing the actual profile of the 
penetrating member to the predetermined profile. The processor 60 modulates the power 
to the penetrating member driver 68 through a signal generator 78, which may control the 
amplifier 70 so that the actual velocity profile of the penetrating member does not exceed 
the predetermined profile by more than a preset error limit. The error limit ts the 
30 accuracy in.the control ofthe penetrating member. . 

After the lancing event, the processor 60 can allow the user to rank the results of 
the lancing even... The processor 60 stores these results and constructs a database 80 for 
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* * _ ■ 

the individual user. Using the database 79, theprocessor 60 calculates the profile traits 
such as degree of painlessness, success rate, and blood volume for various profiles 62 
depends on user input information 64 to optimize theprofile to the individual user for 
subsequent lancing cycles. These profile traits depend p n the characteristic phases of 
5 penetratmg member advancement and retraction, The processor 60 uses these 

calculations to optimize profiles 62 for each user. In addition to user input information 
64, an mternal clock allows storage in the database 79 of information such as the thne of 
» day to generate a time stamp for the lancing event and the time between Jancing events to 
annate the user's diurnal needs. The database stores information and statistics for each 
10 user and each profile that particular user uses. 

In addition to varying the profiles, the processor 60 can be used to calculate the 
appropnate penetrating member diameter and geometry suitable to realize the blood 
volume required by the user. For example, if the user requires abou, !-5 microliter 

15 toaemeve these result, For each class.of penetrating member, both diameter and \ 
penetratmg member tip geometry, is stored in the processor 60 to correspond with upper ■ 
and lower .imits of attainable blood volum e based on the predetermined displacement and 
velocity profiles. 

■ 

The lancing device is capable of prompting the user for information at the 
beginning and the end of ,he lancing event to more adequately suit the use, The ooal is 
to enher change to a different profile or modify an existing profile. Once the profile is 
set, the force driving the penetrating member is varied during advancement and retraction 
tofollowtheprofile. The method of lancing using the lancing device comprises selecting 
a profile, lancing according to the selected profile, determining lancing profile traits for 
each characteristic phase of the lancing cycle, and optimizing profile traits for subsequent 
lancing events. 

Figure 4 illustrates an embodiment of a tissue penetration device, more 
specifically, a Jancing device 80 that includes a controIlabJe driver J 79 coupled to a tissue 
pene.ra.ion element. The lancing device 80 has a proximal end 81 and a dis.al end 82 At 
the distal end 82 is .he .issue pene.ration element in the form of a penetrating member 83 
winch „ coupled ,o an elongate coupler shaft 84 by a drive coupJer 85. The eJonga.e 
coupJer shaft 84 has a proximal end 86 arid a dis.al end 87. A driver coil pack 88 is 
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disposed about the elongate coupler shaft 84 proximal of the penetrating member 83 A 

position sensorPl i.^^j^P^^!^^^ 
„ and an electrical conductor 94 electrically couples a processor 93 to the pos.t.on sensor 

position sensor 91 and processor 93 form the controllable driver, specifically, a 
controllable electromagnetic driver. . 

Referring to Figure 5, the lancing device 80 can be seen in more detail, m partial 
Iong itudina. section. The penetrating member 83 has a proximal end 
96 whha sharpened point at the distal end 96 of the penetrating member 83 and a drive 
head 98 disposed at the proximal end 95 of the penetrating member 83. A -penetrating 
member shaft 201 is disposed between the drive head 98 and the sharpened point 97. The 
penetrating member shaft 201 may be comprised of stainless steel, or any other suitable 
•^or^-l^.l"-^*^^" mahout 0.4mm. The . 
penetrating member shaft may have a length of about 3 mm to about 50 mm, specifically, 
a boutl5mm«oabout20mm. The drive head 98 of the penetrating member 83 is an 
barged portion having a transverse, dimension greater than a transverse dimension <*tbe 
penetrating member shaft 20, distal of the drive head 98. This configumtmn aHows to 
drivehead 98 to be mechanically captured by the drive coupler 85. The dr.ve head 98. 
ma y have a transverse dimension of about 0.5 to about 2 mm. 

A magnetic member 102 is secured to the elongate coupler shaft 84 proximal of 
thedrivecoupler85onadis«alportion203oftheelonga1ecouplershaft84. The 

magnetic member .1 02 is a substantially cylindrical piece of magnetic material havmg an 
axial lumen 204 extending the length of the magnetic member 102. The 
number 102 has an outer transverse dimension that allocs the magnetic member 102to 
s,ide easily within an axial lumen 105 of a low friction, possibly lubncious, polymer ^ 
e nide tube 105' disposed within the driver coil pack 88. The magnetic member 1^2 may 
have an outer transverse dimension of about 1 .0 to about 5.0 mm,s P ecifically, about 23 
,o about 2.5 mm. The magnetic member 102 may have a length of about 3.0 to about 5.0 
mm, specifically, about 4.7 to about 4.9 mm. The magnetic member 102 can be made 
from a variety of magnetic materials including ferrous metals such as ferrous steel, iron, 
fexrite orthelilce. The magnetic member 102 may be secured to , he distal portion 203 of 
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P.«a»l of the nfneawic )(B, m ^ encode, ft,. , ' 

*~ ' ** ana . ^ M ^ ' ' * — 

-*«,.*». 1 » t ,^ AlM „ l0llM]1 J 

10 71,eo l*' Ci,le »»1°^S206i M e„ clsmlhvaA „ ls 

. . fa nation sensor ^ p^T^ 

, sensor 9] generates a signal lhal indicates the longtrodinal^j^i jon^f)^ 1 n" 

and light strine of A. n • Hz, where one dink 

>gm stiipeofthe flag constitutes one Hertz, or cycle per second Th, v 
optical encoder flag 206 relative .n .h * * per second. The position ofthe " 

Ua8 ^ 6reJatlve <«<hemagnet,c member 102, driver coil pack 88™,, 
20 position sensor 91 is such th-,t tKaa „ , , P 88 and 

in* r . 6 ° P,1Ca,eDCOder 91 wn P^de precise position 

Nation about the penetrating member 83 over the entire length of* 
member-spower stroke. ™ re length of the penetrat.ng 

An optical ^coder thatis suitable for the position semor 9i a ,- . . ! 

incremental encoder model HEDS Q9nn , ^ ° PllCal 

* mode, HEDS 9200 , ^ byA ^ Oologies. The 

2 1 dT; r 8 * ab0U< 9 ,0 ab0U ' 1 1 ~ Although the position sensor 91 • 

embodiments could be used, provided they posses the , • • 

nmeresponse The HEDS 97fH) • ^ ^ S IeqU1Slle P ° SJtiona » solution and . 
spouse .IhHEDS^^d^^ ^ - 

oufof phase with each other Tm S ,™.lt,- , • anneJsare 90 

cycle of the flae Th „ ^'^^ a ' na ^^^ttmi^ t 
ycieot the flag. These quadrature outputs make il possible for t>„. ' 

.nedirecionofpenetratingmembertravel Omer su^U t ' ' 

vej. umer suitable position sensors include 
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A coupler shaft guide 1 1 1 is .isdioolv 
« J, M e 111hasaguide]umenll2disposedfo^ 
device 80. The guide 1 1 1 has a gui _ 

• , .• «c» n fihe elonEate coupler shaft 84. ineguiue* j j j~ 

As discuss. ThedrivetcoilpadtSSincWesalllosldisKl 
WcAlM,.^^"*.**. ^ohtefe.coa 114, seconded 

. s ,edM«,»ldl«>nadeora»y b a|so Bode of !,<,„„, sKd to compel* 

Wrapping or winding an eJongaie w t 

Wrapp g of . dineshave b ee„ achieved forms the coils 114-117. The 
30 until a suflfcient nrimher o v^gs h ^ ^ ^ . sma]1 

elOTgale electfca, conductor^ ,2^ g— _ ^ q 3 

outer transverse dimension of about 0.06 mm 10 
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nun to about 0.5 nun. Jn one embodiment, 32 gauge copper Wis used for the coils 
114-1,7. ^B.umberofwindi„gsforeachofthecoilsll4-l,7of l heariverpack-88 
may vary with fte size ofthe coil, but for some embodiments each coii 114-1, 7 may have 
about 30 to about 80 turns, specifically, about 50 to about 60 turns. Each coil 1 14-1 ,7 
.5 can have an axial length of about 1.0 to about 3.0 mm ? specifically, about 1.8 to about 2 0 
«*, Eachcpfl,, 4-,,7 can have in outer WrsedWion or diameter of about 4 0 
to about 2.0 mm, specifically, about 9.0 to about. ,2.0 mm. The axia, lumen 105 can havJ 
a tranmrse dimension of about 1 .0 to about 3.0 mm. 

It may be advantageous in some driver coil 88 embodiments to replaceoneor 
10 more of the coils with permanent magnets, which produce a magnetic field similar to that 
of the coils when the coils are activated. In particular, i, may be desirable in some 
• embedments to replace the second coil , 1 5, the third coil 1 , 6 or both with permanent 
rnagnet, -^ditionjtmaybeadvantageoustopositionapermanentma^^ • 
tbe proximal end of the coil driver.pack in Order to provide fixed mOgnet zeroing faction 

* • ™ ■ 

Refe ™8™wtoF^ 
invention wiD now be described. It should be understood that this embodiment may be 
adapted for use with devices described in commonly assigned copending U.S. Patent- " 
Apphcations Se, No. ,0/323,624 (Attorney Docket No. 38, 87-2608) filed December 1 8 
2002^ Figure 6A shows a device mat may optiona.ly use a.cartridge as show, in Figure ' 
6B.F,gure6Bshow S aradialca rt ridge220. The cartridge 220 may optionally include a 
stenlity barrier 232 and a substrate 250 having a plurality of analyte detecting members 
_ 226. In tins embodiment, me cartridge 220 is designed so that blood will enter the fluid 
25 Camber 228 and be held there for analysis. 

Figure 6B shows the radial cartridge 220 may optionally be used with a lancing . 
dev.ee 230. The radial cartridge 220 may optionally be sealed with a sterility barrier 232 
and be coupled to analyte detecting members mounted on a substrate 234. A suitable 
^ devace „ described in commonly assigned, copendingU.S. Patent Applica.ion No 

1 0/429,196 (Attorney Docket No. 38, 87-2662) luHy incorporated herein by reference for 
a]J purposes. ■ * * 
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It should be understood that in some embodiments, the layer 234 may be removed 
and the bottom layer of the cartridge 220 sealed. Instead, a ring 252 with a plurality of 
analyte detecting members 254 (such as those shown in Figures 10A-20) may optionally 
be in a ring configuration around the penetrating member cartridge 220. This orients one 
analyte detecting member 254 for each penetrating member in cartridge 220. Some 
embodiments may optionally have portions of the ring 254 fold underneath the cartridge 
220 as shown in Figures 14 and 15, 

Referring now to Figure 7, as described above, when a penetrating member 340 is 
actuated and extends outward from the cartridge 220, the mesh 320 may optionally be 
pushed aside or pierced by the exiting member 340. The resulting ring of capillary fibers 
342 around the wound channel would be available after, the penetrating member was 
retracted to wick the blood sample into the sample channel. 

The physical characteristics, of the mesh 320 is one aspect for successfully 
transport of blood to the analyte detecting member 250. In one embodiment, the mesh 
320 may be pliable enough the allow relaxation, but maintain contact or near-contact with 
the skin surface. An active region could be striped on the mesh 1o allow the blood to only 
travel in the direction towards the analyte detecting member, A different gauge capillary 
fiber may optionally be used on the mains versus the cross. In another embodiment, the 
mains may optionally have a smaller gage and higher pitch to promote vertical 
movement: As an additional benefit, if the mesh assisted in distributing the force of 
penet^ting member impact with the skin, the cutting efficiency of the penetrating 

member could be increased. 

In another embodiment, the mesh 320 would reduce the amount of 

micropositioning used to assure that the droplet of body fluid gets to the analyte detecting 
member. The potential volume required by the analyte detecting member could be 
reduced by reducing the amount of blood or body fluid that spontaneously rises to the 
surface of the skin that is either not removed from the skin once the surface tension is 
released in a Iraditional, microfluidics methods. Traditional microfluidics could also have 

« * 

a higher volume required to get the blood to the sample chamber. 

. Referring now to Figure 8, this embodiment of the present invention pertains to 
the ) 00 percent capture of a bodily fluid generated from a wound upon lancing. There are 
problems when the blood droplet formed immediately after lancing. The droplet can be 
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posted in any position 360 degrees along the circttmference of the lancing location. 
Due to the observed low jitter or lateral movent of the penetrating member during the 
lancing protocol, the fluidic sample capture aperture with mesh will not obstruct the path 
Of the penetrating member. The model of the penetrating member and subsequent droplet 
formation has provided a geometric dimension that will allow the fluidic sample ^ 
and transport structure to be coveted circumnavigating the entire penetrating member 
Tins penetratmg member circumnavigating sample and capturemesh structure will allow 
the capture of a produced droplet and transport it directly to the sensor measurement . 
devices. 

AsseehinFigmeS.ftedrawingshows a calculation of the aperture opening 
based upon the penetrating member 340 diameter and both the observed and specified 
penetrating member lateral motion resolution. In addition, the apermre^g contains a 
*^offluidchanuek,wimr«pecttomis^^ 
^^ecapturedbodilyfimdtomemea^ements^ 

the aperture opening. . 

rasem.bodhnent ofthe invention provides a sample, captme, and transport ' • 
solution to that of an mtegrated physiological measurement device, which allows the 
capture of the fluidic sample by mesh immediately upon the penetrating member 
operation. As seen in Figure 9, the structure contains an aperture ring structure 360 
^surrounds or circumnavigates the penetrating member wound. Upon the release of 
the bod,ly mud from the penetrating member wound, the bodily fluid droplet grow, uhti] 
comes in contact with a portion of the fluid Uansporting mesh 360. Upon contact with the 
mesh, the bodily fluid through capillary action is wicked into the capillary mesh and 
brought forth to the sensors also contained in the aperture ring structure. !n one 
embodiment, the mesh 360 takes the blood and distributes it over a uniform surface 
There is insignificant amount of sucking, pumping, or capillary force In one 
embodiment, the mesh 360 spreadthe blood until the fluid contacts a capillary channel 
a,d at that point, the pulling an sucking begin, Tins is step one spreading. Step two 
partial cap.llary or some pumping or sucking action (this is the pumping action since 
there are side.va.ls that are now pulling). Step 3 is taking through a 90 degree bend to 
bring the fluid to the analyte detecting member. 
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Figure 10A shows a close up of a portion of the mesh. Figure 10B shows that 
grooves or gratings 362 may also be used to serve the spreading function described. Such 
grooves may optionally be pressed arid create striations on a plastic surface. It is creating 
a fine textured surface to distribute fluid. Figure 1 OC shows the scoring or grooves used 

■ ■ 

5 to spread the materials. 

The mesh 360 or the gratings serves as the initial capture up front, which direct 
blood to a capillary channel. It is also desirable in some embodiments to transport the 
blood quickly, hence it is desirable to engage the blood in whatever orientation it may be 
coming off of the penetrating member. Mesh also displaces volume and thus it will use.a 

0 lower volume, of blood during transport. Single and double meshes can be used. In the 
present invention, since this is an integrated device, the user is blind as to where the blood 
droplet is on the penetrating member. It can be in a variety of orientations and the present 
mesh 360 that surrounds the exit port will capture the blood and lead it to transport. 
Jrregardless of where the blood droplet is, it will be transported: In one embodiment, it 

1 5 takes less than 1 0 seconds to transport blood to the analyte detecting member. In one 
embodiment, it takes less than 5 seconds to transport blc>od to the analyle detect^ * 

member. 

- 

Figure 1 1 shows that the blood coming out will contact a mesh 360, regardless of 
the orientation of the blood on the penetrating member: this surrounding mesh helps to 

20 ensure capture. 

Referring now to Figures 12A-12C, me drawings shown describe several 
configurations, of which there are three, built and tested. The structure in Figure 12A is 
one embodiment with a cross section of a fluidic structure 380 with a channel totally free 
of adhesives. The topside connecting sections comprise of a PET film hydrophobic on the 

25 outer most layer 382 and hydrophilic on the inner layer 384 abutting against the 

hydrophobic double-sided adhesive layer 386. The bottom side would comprise of a PET 
film hydrophilic on the inner layer abutting against the hydrophobic adhesive and 
hydrophobicon the outside. The inner fluidic channel region would be a sandwich 
structure of lop PET film / fluidic mesh structures / and bottom PET film. The PET 

30 surfaces abutting the mesh structures would be hydrophilic. 

The structure in Figure 12B is a cross section of a fluidic structure with a channel 
fiee of adhesives. The slruchue 390 is very similar to the structure previously described. 
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However, the difference is in the surface energy of the top and bottom PET films The 
hydrophobic surface 392 and hydrophibc surfaces 394 are reversed such that the outer 
surface is hydrophilic and the inner surface abutting either the adhesive layer or mesh is 
hydrophobic. The fluidic channel regions remain free of adhesive 

5 totallv T F,>re iS ' ~ SeCt '° n ^ ** * • cW, 

otally free of adhes.yes. The Structure is very similar to the first structure previously 

descbed. However, this structure also incorporates a fluid entry port 396 of which the 

addtnona, mesh material. There exist a smaller hole on one PET film surface which 
10 matches the hole size of the mesh and a larger dissimilar hole on the opposite 
sandwichingPET film surface. 

■ - • 

Figure 12D shows a front view of the embodiment ofFigure 12C. The blood will 
^^-^-P^dintheduectionmdicafingbya 

flow around a 90 degree bend. The taper accounts for bulgi ng or bunch of Mah 

These embodimeuts of this invenbon entail a method of improving iluidic flow 
Ihrough fluidic me sh transport structures by moderating the selection of hydrophobic^ 
or hydrophilicity through surface energy. This methodof moderating or modifying 
surface energies can be done through a number of different means known to those 
practicing the arts. 

There are a number of options that can be used to treat surfaces to obtain a 
pabular surface preference for degree of hydrophibc or hydrophobic. The concerns 
-latmg to the selection of the preferred method of treating a surface depends upon the 
window of need for this respective treatment. If the window of preference were for a 
nmable long-term state, then the method may dictate that the bulk properties of the 
structured material or a physical coating that has good longevity be selected ff the 
wmdow of preference were to be a short-term state, such as that used in the application of 
an adhesive, th en , he method of only treating the surface will be preferred 

The metrology for determining the state of the surface is usually the measurement 
of the contact angle of a small liquid standard and the materia, relative to ambient air The 
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measurement and moniloring of this contact angle and surface energy of time is critical in 

» • ♦ . 

determining the relative effectiveness of the surface state treatment or bulk fabrication. 
The methods of treatment are but are not limited to: 

a) . The fabrication with a natural bulk material used to determine the material's 
5 bulk surface properties and the entire process used to fabricate the material. An example 

of this would be the treatment ofPET (Polyethylene terephthalate)) or raw polyester. 

b) . The design of the material's surface texture pattern by fabrication processes in 
conjunction with the material's natural bulk properties. Physical molding or mechanical 
machining processes may accomplish this. An example of this would be the modification 

■ ■ * . 

0 - of Young's equation presented later in this discussioa 

c) . The use of high energy sources such plasmas, ion guns, and sputtering 
techniques to either texture or modify the surface molecular structure. This would include 
vacuum ion milling, vacuum or argon plasmas, or atmospheric plasmas or corona 
processes. An example of this would be Argon plasma, Oxygen plasma, ion milling, or 

15 Tantec corona treatments. 

d) . The use of wet chemicals to etch and texture the surface molecular structure. 

An example of this would be Tetra-Etch. 

e) . The use of thin polymer films deposited by physical vacuum methodologies, 
spin on coatings, vapor deposited methods, or wet deposited then activated via photonic 

20 treatments to actively link molecules of choice for the surface. An example of this would 

* . - 

be films by Surraodics. 

f) . The use by design and selection of membrane structures that require the insert 
or adhesion of films on to surfaces as to create the actual fluid conduction path. An 
example of this would be membrane films offered by Millipore or paper films offered by 

25 Scheicher & Schuell or Sefar America. 

A Brief Discussion On Surface Energy of Polymers 

Wettability and repellency of polymers against water are basic surface properties 
of the polymers. Hydrophillic and hydrophobic sirfaces are results of interactions at an 
interface between polymer and water layers and closely related to the surface energy of 
30 the polymers. Hydrophilic surface means strong interactions with water, and polar groups 
have to exist at the surface of the polymer. As a result, the contact angle of the polymer 
against water is small. If the surface energy of the polymer is more than that of water 
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t n^cc, a D d «. « ra ^ ^ of nmpoIar ^ fc cMtaM 
«,,,e«e or,he *ee ™&, h Jl>id! , : , he ^ ^ & ^ 

a «««« » ™ w ^ , v s) „ ^ ^ L ae 

interfacial energy (Ysl). w 6 

The balance of ibe equation is written Yl COS theta =y s - Ysl • 
: Tberefore.tfeMgherthes^ 

YlandYsI^o, the contact angle becomes zero, and complete wetting is 
accomplished. . 

The surface energy of the polymer defined by the excess energy per unit area d W 

poiymers: & ' 

J). ^method fro, the contact angles of polymer against different liquids using 
Jts - Yl (1+cos theta >>2 / (4 phi A 2) 

phi = ( 4(VsVJ) -(1/3) ) / (((Vs-(]/3)) + (Vr(J/3)))-2 
» -here Vs and VI are molar volumes of the polymer an dthe iiquid, respectively. 

real surface energy value 

3). The method from the surface tension of melted polymers 
Th, above discussions provide the basis and foundation of how surface energy on 
fihnsandmeaes canbe 1--^--^^.^^^ 
.closure concern ,ne creation of circular or rectangular tubular structures and bow the " 
fluxbc flownugbt be moderated or enhanced by the use of surfaces modified or 
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5 ota— ,„d to disshnta bole S ,,es easing .b. hytopMo „«h ,ea.». V 

by dropbili. sirrtoe dem.nd.mted exeellenl fhdto aofioh. Wieking notion upon 0,. 
oposed hydrophilie mesh and oombined hydrophfiic ammoe and sopport onnotno, 
-L« immediate smto. ooto. * o^nbted hydiopbilio obonno, ,.p and bolton, 
l„ s „o„g with *« coprfimy notion of to hydrophilie mesh supported tan**,.* fiord 

in tamrwrt ftomimwce to destination. . 

^^^Referring now to Figme 13, to drawings show a step by step- description of to^ 

JLm? of to aUoctme. Ms invent plains ,„ to design and fabeie»„n o meah 

membrane poles by to process of screen printing. _ 
Tm. process of somen prinling involve, to nse of m», diiforen, ehemn* 1*. 
20 energies, o, vopors to. migb. .lie, to chemist,, of to mesh membrane mrrface 
ohomislry of physic. Tina to OS. of a ^oalod, pmfomred, and pmprooessed 
™ smrsilive adhesive ,o he pmssed inlo to meah migh, b. to moal oplrmal 
a^tolionformeahmemmaneanrfao^n-aaenaedtamedionlmognosnc,. . 
appneanon Md anol)l „ 

Fkme 1 3 shows one embodiment with a nners tan, «r 
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.„„„ 424. Mesh 426 is compressed in., adhesive 428. A comfnmdim, of mod, and 
adhesive is shown on top of .me,. This embodiment of to invon.ion adheres to to 
prtoipm of using hy^bmc/bydrophobie smfnc temmm. In some nntoidimen,, to^ 
Lnveh me nsed ,0 defme to channel, Both adhesive* me hydrophobia »»— 
domination of to films. The odhesives may op.iom.Uy b= dio on. ,» shape. This 

•*. .• „f m mitohm™ The devioes may optionally be hybrrdslnicteos 
faciHlales rnlegra.ron of imrmrtactimng. rrm a . 

«m g »o k mg materia, f» oaphne and ton a cpifiary strnohrr. fo, transport. 
J . ,i„.e into to capillary and Iher, to finid ins, fiowa. Prgme ,4 shows soch a mesh 



20 



25 



30 



WO 2005/065414 

. >CT/US2004/044054 

* » ■ * • * 

• * » * 

. 22 • ' 

So™ „ tataeMs ^ „„, Wa L . tadM ^ ^ fineai s 
CT2:; t '° 10 — - indicated i 

^^^^^^^^ mmlwdim 

S3M0 ^ *w - -~ dew „d ZZ1 

d«* *» 0» 4s, „p „ capped bv fc „«„ ^ 

pno, ^ta, fa , fc ^ mm ^ ^ ^ 

-mm* device. He he igh , „f Mvilv „ fc ■ 

ir,rrr: ,ure, " pid ^ re,iab,e ■ i — ^ 

10 ee»p]e bod, fluid b the eaeiltoy ^ <0| 

OTb od Rtf ?,'°T " *" * *>«» 

«b« ta ,™ foe , he f.bdcaflon of „ i^.ed mesb ^ ^ . 
-be add*„„ , w „. „ ^ ^ a| fc ^ 
PBvidos „ suopk „ pMre ^ ^ „ ^ ^ a 

he .„e a^,^ „ . ^^^.^ 

ov d^. F , gm „ ^ . tydroptobic adfajve 4m ^ ^ o « 
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• device may also have a mesh layer 454. There may optionally be a hydroptilic adhesive 
,ayer 456: After assembly, the device will have fluid channels 460 and non-channel 

regions 462. * 

This embodiment of the present invention relates to the integration of hydrophobe 

; and hydrophilic adhesives onto and within a mesh membrane for the enhancement of 
fluidic capture and transport flow. The developed surface energy properties of specfic 
adhesive formulations has allowed the availability of extreme hydrophobic and 
hydrophilic properties and various viscosities as to promote absorption into the pores of 
the mesh membranes. Through proper mixing by design, the masking of mesh membranes 
0 has been obtainable with pressure sensitive adhesives along with fluid attractive 
properties to direct. optimal fluid capture, transport, arid flow. 

This embodiment of the present invention may also pertain to the desrgnand 
fabrication of mesh structures as a method of sample, capture, and transport of bodily 
fluids The traditional methods of pattern definition in mesh membrane structures has 
15 . been to either but and fit the mesh vritHn; a jHedefmed physical capfflarystruenne or the 
impregnating the mesh membrane pores by the process of screen printing. 

The process of screen printing involves the use of many different chemicals, hght 
energies, or vapors that might alter the chemistry of the mesh membrane surface 
chemistry or physics. Thus the use of a prefabricated, preformed, and preprocessed 

application for mesh membrane surfaces that are used in medical diagnoses. 

The uniqueness of this embodiment of the invention is the further integration of a 
selective layer of hydrophilic adhesive onto the mesh membrane fluid channel structure to 
. serve a dual purpose of sealing the fluid channel structure from later* flow leaks and at 
25 the same time Serve as an enhancement surface for the fluid and transport channel 
structure. 

Referring now to Figure 18 a still further embodiment of the present invenuon 
■ shows that the wicking material may optionally be designed to have flaps which only 
substantially surround the penetrating member exit but will still engage blood or other 
30 body fluid flowing from the wound.. Other geometries are shown in Figures 19-21. 

Figure 1 9 shows one embodiment with four rectangular tabs 502.. Figure 20 shows an 
embodiment with four triangular tabs 504. Figure 21 shows an embodiment wrih three 
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uom uie penetrating member wound wi]J be nnh^H o 

While the invention has been described and illustrated r 
■Mtto^ changes, modifications, »te,i« om , j.,^ " 

^nibtld^ngh^nch). W^r^h^,,^ 

boHom or Ihe top of (he cartridge, with the gripper on the other side. In some 
Wstehedh.^. ™= Penetrating nt^ber drive, „ a ^, sobejns| , bs||in ,. i 
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J, aod „o, of to sisme. Wi,b an, of to ,bo.e embodiments, to SUips may have 

coLotion o, adapted foe - with de*es disclosed in U S. W ApptotKms 
titedl integration of vmio™ 4«,P~** ^ *-*«■ -™ ° f 

^,0 the filing dote of the pm*m ««-»-. Nodtmg herein is .0 to «m*»ed „ - 
P"™'" ■ 8 . ,. „;, m , en riUedto«nled i rtes«ebp»b1icotionbyvb*ie 

. admission tot the present mv t »t.on»oot untied to «n V , , mm1hc . 

Lrence ,0 disclose and describe tbe s« »d/or mcto* ,n connect,™ -h vdnch 
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„ ift dte objects and practice- of to ^- — , is 
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interpreted as broadly as is reasonable. 
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MATJSCLADVffi£jS: * 

■ . 

■ • 

A body fluid sampling devW ix, « 
^ comprising: • iur use on a patiejat, the device 



3 
4 



a cartridge; 
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• * Mck, »e ""*»" Phoned to siblMhlh, sum , / 

2. A body fluid sampJW device fnr 
2 comprising: g ^ Cef0ruseoBa P.^ent, the device 
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4 



a 



cartridge having a radial-disc shape;. 
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material. ^ ™a to the sensory 

. 4 - The device of claim 1 further ™,v.„ • • 

2 cpupJed lo the weld™ ™, • , • , compnsmg a capiJJ stnj 

F me WK*mgmate n al,sa,d capill structure brine said fl „-^ A ' 

3 materia] positioned on a piuraJitv of .1 * . , °™8 A«d to the sensory 

plurahty of electrodes located inthe capil,^ struck. 

< "jaltaydnx*™ wito toe 
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j 7. The device of claim 1 wherein the sensory material is mounted on a 

2 plurality of electrode. 

8. The device of claim 1 a plurality of sets of electrodes are associated 
2 with each penetrating member. 

9. The device of claim 1 wherein the wicking material has a lollipop 
2 configuration. 

- . . ■ 

10. The device of claim 1 wherein the wicking material is oriented 

* 

2 perpendicular to a path of the penetrating member. 

11. The device of claim 1 wherein the wicking material is oriented to 

- 

2 intersect a path of the penetrating member. 

m 

j2 The device of claim 1 wherein topside connecting sections of the 

2 wicking member comprises a PET film hydrophobic on an outer most layer and 

3 hydrophilic on an inner layer abutting against the hydrophobic double-sided adhesive .. 

■ 

4 layer. 

j 13. The device of claim 1 wherein bottom side sections of the wicking 

2 member comprises a PET film hydrophilic on the inner layer abutting against the 

3 hydrophobic adhesive and hydrophobic on the outside, wherein an inner fluidic.channel 

4 region is a sandwich structure of top PET film / fluidic mesh structures / and bottom PET 



1 
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1 



film wherein the PET surfaces abutting the mesh structures are hydrophilic. 

9 



3 14 . The device of claim 1 wherein a plurality of wicking members are 

2 positioned in a ring configuration around the cartridge. 

1 1 5. The device of claim 1 wherein a plurality of wicking members a T e 

2 positioned in a ring configuration arpund the cartridge, with at least one wjcking member 

3 for each penetrating member in the cartridge. 



1 6. A body fluid sampling system for measuring analyte levels in the 



2 body fluid, said system comprising: 

3 a housing having a transparent window; 

4 a cartridge in said housing; 
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a Plurality of pedaling member in said cartridge; 
a sensory material on a first side of «m ' , • „ 

.10 member. created by the penetrating 
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J8 * .. A de vice comprising: 
a mesh membrane; 



an adhesive integrated onto and ™thin the 



mesh membrane structure 

1 

2 
3 

hydrophobic and hydrophiiic adhesives withm *k 



19. A device comprising: 
a mesh membrane; 



6 
7 



20. 



An actuation device comprising: 



anrjdge, sa.d cartridge does not have conducive leads and in,, ^ 
™<enal surrounding a penetrating member exit. ' WCjC,n8 

2 *- A method comprising: 
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providing a fluid sampling device comprising a cartridge, at least one 
penetrating member mounted on the cartridge, and a wicking material positioned to 
substantially surround at least one penetrating member exit on said cartridge so as to 
acquire body fluid flowing from a wound on the patient created by actuating the 

* * * 

penetrating member; 

. positioning the cartridge so that launching the penetrating member creates 

. • ■ - 

. a wound on the patient which expresses body fluid; . 

using the wicking member to capture fluid expressed from the wound. 

- ■ . ■ 

22. The method of claim 21 wherein the wicking member comprises of 

* 

t a hydrophilic portion and a hydrophobic portion. 

« * 

I 23. The method of claim 2 1 wherein a plurality of wicking members 

* . 

1 amused, each associated with at least one penetrate 
3 members having a lollipop configuration, 

j 24. The method of claim 21 wherein the wicking member is coupled to 

2 each of said analyte detecting member and positioned to extend over at least a portion of a 

3 penetrating member exit chamber on said cartridge. 

1 25. The method of claim 21 further comprising a capillary structure 

2 coupled to the wicking material, said capillary structure bring said fluid to the sensory 

3 material. 

» - 

j 26. the method of claim 21 further comprising a capillary structure 

2 coupled to the wicking material, said capillary structure bring said fluid to the sensory 

3 material positioned on a plurality of electrodes located in ithe capillary structure. 

1 .27. The method of claim 21 further comprising a capillary structure 

2 coupled to the wicking material, said capillary structure bring said fluid to the sensory 

3 material positioned on a plurality of electrodes and are in fluid communication with the 

4 capillary structure. 

j 28. The method of claim 21 further comprising a plurality of electrodes 

2 each having a sensory material. 
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assoc,ated%vilh each penetrating member. strode* are 
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The method of claim 91 • ,t 

2 lo]lipopco nfigmatio , • Wheiefflthe ^ing mafer i alhasa 
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3J.. H e method of claim 21 wherein the*,' v 
.^^toapathofthepene^tiogWber. " C * 0hd 



; 32. The method of claim 21 wherein the wicWm* ■ , • 

tomtersectapathofthepe^radngmember. ^B^tenal, 



is oriented 



33. The method of claim 21 wherein w-,, 
2 the widcmg member comprises . pm ^ ^ *»-* deling sections of 

3" ^rophihc oaaninnerJayer abu „ ing a^rf n f " ^ ^ ^ 
4 Jayer. 8 h **°P» double-sided adhesive 
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The method of claim 21 whereiri hnH„ 
Peking member comprises a PFT n k , 8 SeCti(MJS of 



cartridge. 

36. 
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